Abstract -The Khanka Massif is a crustal block located along the eastern margin of the Central Asian Orogenic Belt (CAOB) and bordered to the east by Late Jurassic-Early Cretaceous circumPacific accretionary complexes of the Eastern Asian continental margin. It consists of graphite-, sillimanite-and cordierite-bearing gneisses, carbonates and felsic paragneisses, in association with various orthogneisses. Metamorphic zircons from a sillimanite gneiss from the Hutou complex yield a weighted mean 206 Pb/ 238 U age of 490 ± 4 Ma, whereas detrital zircons from the same sample give ages from 934-610 Ma. Magmatic zircon cores in two garnet-bearing granite gneiss samples, also collected from the Hutou complex, yield weighted mean 206 Pb/ 238 U ages of 522 ± 5 Ma and 515 ± 8 Ma, whereas their metamorphic rims record 206 Pb/ 238 U ages of 510-500 Ma. These data indicate that the Hutou complex in the Khanka Massif records early Palaeozoic magmatic and metamorphic events, identical in age to those in the Mashan Complex of the Jiamusi Massif to the west. The older zircon populations in the sillimanite gneiss indicate derivation from Neoproterozoic sources, as do similar rocks in the Jiamusi Massif. These data confirm that the Khanka Massif has a close affinity with other major components of the CAOB to the west of the Dun-Mi Fault. Based on these results and previously published data, the Khanka Massif is therefore confirmed as having formed a single crustal entity with the Jiamusi (and possibly the Bureya) massif since Neoproterozoic time.
Introduction
Northeast China and adjacent regions form part of the central East Asian continent and include both the Central Asian Orogenic Belt (CAOB) and Late JurassicEarly Cretaceous circum-Pacific accretion complexes developed between the Siberian and North China cratons (Fig. 1a) . The Khanka Massif was considered to extend northward into the Jiamusi-Bureya Massif near the border of NE China with the Russian Far East, and has been referred to as the Khanka-JiamusiBureya Massif (Natal'in & Borukayev, 1991; Natal'in, 1991 Natal'in, , 1993 Cao et al. 1992; Ş engör, Natal'in & Burtman, 1993; Ş engör & Natal'in, 1996) . The YanjiHeilongjiang Fault (F2 and F3, Fig. 1a ) was regarded as the suture zone developed between the Khanka-Jiamusi and Songliao massifs (Fig. 1a) . However, , Shao, Tang & Zhan (1995) and Ren et al. (1999) have argued that the Khanka Massif was an exotic block, because it contains mixed Permian faunas which are characterized by both palaeo-tropical Cathaysian taxa and cool-temperate elements (Tang, 1990; Tang et al. 1995; Shao, Tang & Zhan, 1995; Ren et al. 1999) . Furthermore, Zhang (1997 Zhang ( , 2004 and Zhang, Cai & Zhu (2006) have proposed †Author for correspondence: zhoujb@jlu.edu.cn a tectonic model whereby the Khanka Massif has an affinity to the South China Craton, and the Yanji zone and Dunhua-Mishan (Dun-Mi) Fault was the Triassic suture zone marking the eastern extension of the Qingling-Dabie-Sulu HP-UHP collisional belt between the North China Craton and South China Craton. They thus renamed it the Qingling-DabieTanlu-Sulu-Imjiangang-Yanji zone (Zhang, 1997 (Zhang, , 2004 Zhang, Cai & Zhu, 2006) . Oh (2006) and Oh, Kim & Williams (2006) supported the view that the Qingling-Dabie-Sulu HP-UHP belt extends through the Korean peninsula to the Yanji zone in NE China. Ishiwatari & Tsujimori (2001 further suggested that the Yanji zone should be linked with the Heilongjiang blueschist belt (Yanji-Heilongjiang HP belt; see Fig. 1a ) at the western margin of the JiamusiKhanka Massif. Such scenarios mean that not only the Khanka, but also the Jiamusi and Bureya massifs would possibly belong to the South China Craton. More recently, however, Wu et al. (2007) and Wilde, Wu & Zhao (2010) have argued that the Heilongjiang blueschist belt was a Jurassic metamorphic belt and that the Jiamusi-Bureya-Khanka Massif was not an original part of the CAOB but an exotic massif that was accreted to the CAOB in the Jurassic. More recently, Zhou et al. (2009) was generated in the Triassic when the Jiamusi Massif broke away from the Songliao block, only to collide with it again in the latest Triassic to Early Jurassic.
In this paper, we present additional SHRIMP U-Pb zircon data for granulite-facies paragneiss and crustalderived granites of the Hutou complex in the eastern Khanka Massif along the border between NE China and Far East Russia (Fig. 1a, b) . These data not only enable evaluation of protolith ages of the basement rocks, but also allow us to identify the timing of the high-grade metamorphic event. The results provide important insights into the possible link between the Jiamusi and Khanka massifs, and therefore their relationship to the Palaeozoic Central Asian Orogenic Belt.
Geological setting
NE China and adjacent regions, including the Russian Far East, have traditionally been considered as the eastern part of the Central Asian Orogenic Belt, located between the Siberian and North China cratons (Natal'in, 1991 (Natal'in, , 1993 Natal'in & Borukayev, 1991; Ş engör & Natal'in, 1996; Ş engör, Natal'in & Burtman, 1993; Ren et al. 1999; Jahn, Wu & Chen, 2000; Jahn, 2004; Li, 2006) . The area consists of a collage of micro-continental blocks (Tang, 1990; Tang et al. 1995; Li et al. 1999; Li, 2006; Wu et al. 2007 ). In the extreme eastern part of the CAOB, the tectonic units include the Nadanhada Terrane to the northeast, the Songliao Massif in the southwest, the Jiamusi and Khanka massifs in the central area and the North China Craton to the south, separated by the Yanji and Dun-Mi faults (Fig. 1a) .
The Nadanhada Terrane is located to the east of the Jiamusi Massif and is part of the Late JurassicEarly Cretaceous circum-Pacific accretionary belt. It is composed of Jurassic clastic sedimentary rocks, with enclosed tectonic slices of Middle Jurassic siliceous shale, Late Triassic bedded chert and mafic igneous rocks, all intruded by bodies of Cretaceous granites (Kojima, 1989; Cheng et al. 2006) . Recent zircon UPb dating indicates that these granites formed at 131-115 Ma (Cheng et al. 2006) , whereas a gabbro in the Raohe Complex was emplaced at 166 ± 1 Ma (Cheng et al. 2006) . Radiolarians in the oceanic sediments have been dated at about 150 Ma (Cheng et al. 2006) . Therefore, it is concluded that emplacement of igneous plutons in the Nadanhada Terrane took place in the Late Jurassic-Early Cretaceous (Kojima, 1989; Cheng et al. 2006) , indicating that Pacific plate subduction was active at this time. The lithological association, radiolarian assemblages, ages and geological structure of the Nadanhada Terrane suggest that it consists in part of an ophiolite complex, similar to the SikhoteAlin complex of the Russian Far East (Kojima, 1989; Zyabrev & Matsuoka, 1999) and the Tamba-MinoAshio terrane in Japan (Kojima, 1989) .
The Songliao Massif is buried beneath the Songliao sedimentary basin, but petrographic examination of drill core obtained during petroleum exploration reveals that most of the basement rocks are granitic, overlain by Palaeozoic sedimentary strata that have undergone weak metamorphism and deformation . Wang et al. (2007) obtained detrital zircon SHRIMP U-Pb ages ranging from 2.2 to 0.4 Ga from samples of metasedimentary rock. In a drill hole to the southeast of the Songliao Basin, a quartz schist contains zircon populations at c. 0.5 Ga, 1.0-1.1 Ga, 1.4-1.5 Ga and 1.7-1.8 Ga (Wang et al. 2007) , which indicate that the basement of the Songliao Basin is complex and implies that the > 1.4 Ga zircons perhaps originated from the North China Craton, while the 0.5 Ga zircons may have been derived from the Jiamusi Massif (Wang et al. 2007) . The eastern and northern Songliao Massif is bounded, respectively, by the Zhangguangcai and Lesser Xing'an ranges, which are characterized by voluminous syn-collisional Mesozoic granitic rocks, interpreted to have been generated by westward subduction of the Jiamusi Massif beneath the Songliao Massif during the Mesozoic (215-185 Ma; Wu et al. 2003 Wu et al. , 2007 .
The Jiamusi Massif contains four main rock associations: the Mashan Complex, which was metamorphosed to granulite facies in the Early Palaeozoic at c. 500 Ma (Wilde, Dorsett-Bain & Liu, 1997; Wilde, Zhang & Wu, 2000) , deformed Early Palaeozoic granitoids, also metamorphosed to granulite facies by the same event Li, 2006; Wu et al. 2001 Wu et al. , 2007 Wilde, Wu & Zhang, 2003) , undeformed Permian granitoids that intrude the previous rock sequences (Wilde, Dorsett-Bain & Liu, 1997) , and the Heilongjiang Complex, an accretionary terrane composed of basalt and clastic and chemical sediments, metamorphosed to epidote-blueschist facies between 210 and 180 Ma (Zhou et al. 2009 ). The Mashan Complex is of particular relevance, since rocks in the Khanka Massif were considered to belong to this series when the latter area was mapped by the Chinese Geological Survey (HBGMR, 1993) . It consists of khondalitic rocks with a tight clockwise P/T path (Jiang, 1992; Lennon, Wilde & Yang, 1997) . Peak temperatures were up to 850
• C and pressures attained 0.74 GPa (Jiang, 1992) . In the northern part of the Jiamusi Massif (Fig. 1a) , the Mashan Complex is at amphibolite facies and characterized by peak temperatures of ∼ 650
• C (garnet-biotite), but locally only reaching 500-550
• C at pressures of 0.6-0.7 GPa (Cao et al. 1992) . It was originally considered to be Late Archaean in age (HBGMR, 1993) , but UPb SHRIMP zircon work has shown that the oldest protoliths are Mesoproterozoic and that the complex underwent metamorphism in the Early Palaeozoic at c. 500 Ma (Wilde, Dorsett-Bain & Liu, 1997; Wilde, Zhang & Wu, 2000) .
The Khanka Massif is located to the south of the Jiamusi Massif (Fig. 1a) , with the boundary marked by the Dun-Mi Fault (Jia et al. 2004) . To the south lies the North China Craton and to the southwest is the Songliao Massif, separated by the Yanji Suture (Jia et al. 2004) (Fig. 1a) . The Khanka Massif was considered to be composed of Precambrian metamorphosed basement rocks, covered by Palaeozoic to Mesozoic strata, including carbonates, clastic sediments and volcanic rocks (Natal'in, 1993; Shao, Tang & Zhan, 1995; Jia et al. 2004; Shi & Zhan, 1996; Shi, 2006) . The Chinese portion of the Khanka Massif crops out in only three small areas (Fig. 1b) ; the most easterly of these is at Hutou. Regional mapping (HBGMR, 1993) has shown a westward decrease in metamorphic grade from granulite to amphibolite facies. The rocks at Hutou form a highgrade metamorphic complex, located around Khanka Lake (Xingka) along the border between NE China and Far East Russia. The granulite-facies rocks mostly consist of graphite-, sillimanite-and cordierite-bearing gneisses, carbonates and felsic paragneisses, together with garnet-bearing granite gneisses. More than 70 % of the outcrop consists of sillimanite-and garnetbearing granite gneisses that represent crustal melts. The amphibolite-facies rocks predominantly crop out at Mt Huoshi (Fig. 1b) and consist of felsic paragneisses and hornblende schists. Both outcrop areas have been considered to form part of the Mashan 'group' on the regional geological map and were considered to be Late Archaean in age (Zhao, Peng & Dang, 1995; HBGMR, 1993) , although no geochronological work was undertaken.
No data are available on the metamorphic conditions of the Khanka Massif at Hutou. However, it consists essentially of a khondalite series in association with sillimanite-garnet granite gneiss, similar to the Mashan Complex of the Jiamusi Massif (HBGMR, 1993; Wilde, Zhang & Wu, 2000) . At Hutuo, the garnet-sillimanite paragneiss has a typical mineral assemblage of Grt+Crd+Sill+Bt+Kfs+Pl+Qtz and the sillimanite-garnet granite gneiss has a mineral assemblage of Grt+Sill+Bt+Kfs+Pl+Qtz. As noted above, these rocks are characterized by a tight clockwise P/T path (Jiang, 1992; Lennon, Wilde & Yang, 1997) , with a peak temperature of ∼ 850
• C and pressure of ∼ 0.74 GPa (Jiang, 1992; Wilde, DorsettBain & Liu, 1997) .
Recently, Wilde, Wu & Zhao (2010) have presented data for orthogneisses and a fine-grained granitic gneiss from Hutou and Mt Huoshi. However, they did not date either the sillimanite-bearing paragneisses or granite gneiss containing sillimanite. In this study, we have specifically targeted representative samples of these lithologies in order to compare their ages with the orthogneisses and, more importantly, with both the timing of magmatism and high-grade metamorphism in the Jiamusi Massif.
Sample locations and descriptions
Samples of paragneiss and garnet-bearing granite gneiss were collected from Hutou at the northern margin of the Chinese segment of the Khanka Massif (Fig. 1b) . A single sample of paragneiss and two samples of sillimanite-garnet-bearing granite gneiss were chosen for analysis (Fig. 1b) .
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3.a. Paragneiss
A sample of sillimanite gneiss (06H-12) was collected 3 km NW of Hutou (Fig. 1b) . It is composed of laths of sillimanite (5 %), up to 1 mm long (Fig. 2a, b) , showing a strong preferred orientation. The sillimanite is associated with weakly elongated quartz (40 %) with curved to lobate grain boundaries. Other minerals are porphyroblasts of garnet (15 %) (Fig. 2a, b ) and cordierite (8 %) (Fig. 2c, d) , with some biotite (5 %), alkali feldspar (25 %) and minor opaque oxides (2 %). A typical mineral assemblage is Grt+Crd+Sill+Bt+Kfs+Pl+Qtz ( Fig. 2a-d) .
3.b. Sillimanite-garnet granite gneiss
Sillimanite-garnet granite gneiss (sample 06H-13) was collected from the Ussuri (Wusuli) River at Hutou (GPS: 46
• 58 45.7 N, 133 • 40 15.2 E; Fig. 1b ). It is composed of an allotriomorphic granular aggregate of plagioclase (15 %, An 30 ), perthitic microcline (30 %) and quartz (40 %) , and minor amounts of garnet (5 %), sillimanite (5 %), opaque oxides (2 %), and biotite (3 %), with accessory zircon, titanite and monazite. A typical mineral assemblage is Grt+Sill+Bt+Kfs+Pl+Qtz (Fig. 2e, f) . The garnet grains average 1 mm in diameter (Fig. 2e, f) and are preferentially associated with opaque minerals and biotite; the latter is commonly altered (in part to white mica) when it is in contact with garnet. Locally, myrmekite is developed at the boundaries between plagioclase and microcline.
Another sillimanite-garnet granite gneiss (sample 06H-14) was collected from the Ussuri (Wusuli) River at Hutou, about 1 km NE of sample 06H-13 (GPS: 45
• 59 06.9 N, 133 • 40 17.3 E; Fig. 1b ). It is composed of quartz, plagioclase, sillimanite and minor microcline, with aligned biotite flakes and large poikiloblasts of garnet up to 1 cm in diameter. The typical mineral assemblage is Grt+Sill+Bt+Kfs+Pl+Qtz. Areas containing garnet are accompanied by coarsegrained elongated quartz and are generally poorer in biotite.
SHRIMP U-Pb analytical methods
The samples of the Hutou complex were processed by crushing, initial heavy liquid and subsequent magnetic separation using a Frantz isodynamic separator. Zircons from the non-magnetic fractions were hand-picked and mounted, along with several pieces of the CZ3 zircon standard, onto adhesive tape, enclosed in epoxy resin and then ground and polished to about half their thickness. The mount was then cleaned and gold-coated and photographed in reflected and transmitted light. Cathodoluminescence (CL) imaging was carried out using a Philips XL30 scanning electron microscope (SEM) at Curtin University of Technology. U-ThPb analyses were conducted using a WA Consortium SHRIMP II ion microprobe housed at Curtin University of Technology. Detailed analytical procedures followed those of Nelson (1997) and Williams (1998) . Isotopic ratios were monitored by reference to Sri Lankan gem zircon standard (CZ3) with a 206 Pb/ 238 U ratio of 0.0914 that is equivalent to an age of 564 Ma. Pb/U ratios in the unknown samples were corrected using the ln(Pb/U)/ln(UO/U) relationship as measured on CZ3. All ages have been calculated using the U and Th decay constants recommended by Steiger & Jäger (1997) . Reported ages represent 206 Pb/ 238 U data that have been corrected using the measured 204 Pb. The analytical data were reduced, calculated and plotted using the Squid (1.0) and IsoplotEx 2.46 programs (Ludwig, 2001) . Individual analyses in the data table and concordia plots are reported at the 1σ level and uncertainties in weighted mean ages are quoted at the 95 % confidence level (2σ), unless otherwise indicated.
SHRIMP U-Pb zircon data

5.a. Sillimanite gneiss (sample 06H-12)
Zircons from sillimanite gneiss sample 06H-12 are colourless, transparent and are mostly round to irregularly elongate in shape. They range from about 50 to 100 μm in length, with length to width ratios of 1:1 to 2:1. CL imaging reveals that many grains have a corerim structure. The rims are generally dark with weak sector or turbulent, irregular zoning (Fig. 3a) . The cores show weak oscillatory zoning, with some being small and irregular and appearing bright in CL (Fig. 3a) . A total of 19 analyses were made on 15 zircons from sample 06H-12 (Table 1 ; Fig. 3b ). They have overall U and Th contents and Th/U ratios ranging from 114 to 4618 ppm, 6 to 135 ppm and 0.01 to 0.70, respectively. Nine data points are concordant and cluster around 500 Ma (Fig. 3b) , defining a weighted mean 206 Pb/ 238 U age of 490 ± 4 Ma (MSWD = 0.43). These analyses are all from rim domains and have low Th/U ratios of ∼ 0.02, indicating that their age records the time of high-grade metamorphism. The other ten spots reveal a lack of grouping and show a spread of 206 Pb/ 238 U ages down concordia from 934 ± 12 to 440 ± 5 Ma ( Table 1 ). The older dates are recorded from zircon cores that exhibit weak oscillatory zoning (Fig. 3a) and relatively low U and Th contents with high Th/U ratios (0.29-0.46, Table 1 ), typical of magmatic zircon. This indicates that ages ranging from 900 Ma to 700 Ma are from detrital zircons incorporated in the original sedimentary protolith. In addition, five of the analysed grains give younger 206 Pb/ 238 U ages of 477 ± 6 to 440 ± 5 Ma (grains H12-4.1, H12-6, H12-15, H12-17 and H12-18). All data were recorded from zircon rims with low Th/U ratios and high U contents. They are mostly discordant and likely record variable amounts of Pb loss, perhaps partially reset by younger granitoid emplacement at c. 112 Ma that has been recorded from the area (Wilde, Wu & Zhao, 2010) . (e) Typical mineral assemblage of Grt+Sill+Bt+Kfs+Pl+Qtz in sillimanite-garnet granite gneiss sample 06H-13 (plane polarized light) and (f) crossed polars. Note: that biotite rims garnet and apatite is also present. Abbreviations: Grt -garnet; Crd -cordierite; Sill -sillimanite; Bt -biotite; Kfs -K-feldspar; Pl -plagioclase; Qtzquartz; Zr -zircon and Ap -apatite.
5.b. Sillimanite-garnet granite gneiss
5.b.1. Sample 06H-13
Zircons from sample 06H-13 are colourless, transparent and prismatic, with well-defined pyramidal terminations and a general subhedral shape (Fig. 4a) .
They range in length from about 80 to 120 μm, with length to width ratios of 2:1 to 4:1. CL imaging reveals that most grains have a core-rim structure. They have thin dark rims that are unzoned or show weak sector zoning, whereas most of the cores have well-defined oscillatory or planar zoning (Fig. 4a) . A total of 12 analyses were made on 10 zircons (Table 1 ; Fig. 4b ). They have overall U and Th contents and Th/U ratios ranging from 253 to 3927 ppm, 44 to 1022 ppm and 0.04 to 0.81, respectively. All analyses are concordant to slightly discordant ( Fig. 4b) and, taken together, define a weighted mean 206 Pb/ 238 U age of 511 ± 6 Ma (MSWD = 1.07). Both the oscillatory zoned cores and dark rims show high contents of U and Th, but can generally be distinguished by the lower Th/U ratios of the latter (Table 1) . While there is some overlap with respect to Th/U ratios, in general the metamorphic rims have lower ratios and younger ages. Thus ages clustering at c. 510 Ma may be considered as metamorphic recrystallization of oscillatory-zoned igneous zircon formed at between c. 520-510 Ma, identical to the features and ages described from deformed and metamorphosed granitoids in the Jiamusi Massif by Wilde, Wu & Zhang (2003) . Indeed, reprocessing of the data based on the CL and Th/U ratios allows a distinction to be made between the two groups. Four concordant cores define a weighted mean age of 522 ± 5 Ma (MSWD = 0.38) and four Table 1 and, in brackets, the 206 Pb/ 238 U age and Th/U ratio. concordant rim analyses define a weighted mean age of 510 ± 7 Ma (MSWD = 0.43), separable within the 2σ errors (Fig. 4b) .
5.b.2. Sample 06H-14
Similar to sample 06H-13, zircons from sample 06H-14 are colourless, transparent and prismatic subhedral. They range from about 90 to 120 μm in length, with length to width ratios of 2:1 to 4:1. CL imaging reveals that many grains have a core-rim structure, although the rims are not always continuous and locally appear to grade into the oscillatory zoned core (grain 7 in Fig.  5a ). Analytical results for 12 spots (11 zircon cores and one rim (spot 4.1)) are presented in Table 1 and shown on a concordia diagram in Figure 5b . The U and Th contents and Th/U ratios range from 541 to 2508, 82 to 733 and 0.10 to 0.52, respectively. All 12 analyses show a tight, concordant grouping defining a weighted mean 206 Pb/ 238 U age of 515 ± 8 Ma. No distinction can be made for this sample between the age of the metamorphic rim and the oscillatory zoned cores. Because the rim data are limited to one analysis only Table 1 and, in brackets, the 206 Pb/ 238 U age and Th/U ratio.
(mainly because they were too narrow to analyse), and given the structural evidence of a gradation between core and rim in CL, we interpret the age of 515 ± 8 Ma as recording the crystallization age of the granite protolith. There is thus no real constraint on the timing of high-grade metamorphism affecting this sample, although it is quite likely at c. 510-500 Ma, as in nearby sample 06H-13.
Discussion
6.a. Protolith age of the sillimanite gneiss
The spread of older zircon ages in sillimanite gneiss sample 06H-12 is best explained by considering the origin of the rock. It would have originally been an aluminous sediment and the zircons may be regarded as detrital grains which were incorporated in the sedimentary precursor during deposition. In favour of this interpretation is the fact that there are several concordant to only weakly discordant zircon grains present with ages of 934 ± 12, 817 ± 13, 740 ± 9 and 610 ± 11 Ma (Table 1 ; Fig. 3a, b) . The morphology Table 1 and, in brackets, the 206 Pb/ 238 U age and Th/U ratio. and internal structure shown by CL imaging reveal that the older zircons are irregular cores with oscillatory zoning (Fig. 3a) , suggesting that they were of magmatic origin and were significantly modified during the later high-grade metamorphic event. Although another grain (H12-13) is apparently younger (524 Ma), the low Th/U suggests that the analysis is from a metamorphic rim rather than a core. However, the age is greater than for the other rims and it appears likely that the analysis site inadvertently is a mixture of both core and rim (Table 1) . These data are thus considered to limit the time of deposition of the sedimentary rocks (protolith of the sillimanite gneiss) to later than 610 Ma. It seems likely that the main detritus for the sedimentary rocks at Hutou was therefore derived from Neoproterozoic sources.
The only other metasedimentary rock dated from the Khanka Massif is a fine-grained clinopyroxene-bearing gneiss (Wilde, Wu & Zhao, 2010) obtained from Mt Huoshi (Fig. 1b) . This is a complex sample that not only records a metamorphic event at 504 ± 8 Ma but also contains younger zircons that cluster at 258 ± 5 Ma, interpreted to be the result of the emplacement of Permian granitoids at depth (Wilde, Wu & Zhao, 2010) . It also contains three older detrital igneous zircons with 206 Pb/ 238 U ages of 942 ± 19, 771 ± 12 and 609 ± 11 Ma, these being essentially similar, within errors, to the data obtained in the present study. In addition, a sillimanite gneiss from Xi Mashan in the adjacent Jiamusi Massif likewise records a c. 500 Ma metamorphic event and also contains a suite of detrital zircons whose concordant to slightly discordant 206 Pb/ 238 U (< 1.0 Ga) and 207 Pb/ 206 Pb (> 1.0 Ga) ages are grouped at 1.6, 1.4, 1.2, 1.05, 0.6, 0.9 and 0.7 Ga.
6.b. Protolith ages of the sillimanite-garnet granite gneiss
The SHRIMP zircon U-Pb data for the two samples of sillimanite-garnet granite gneiss from the northern and southern parts of the Hutou complex (Fig. 1b) yield ages of 515 ± 8 Ma (Fig. 4b ) and 511 ± 6 Ma ( Fig. 5b) , respectively, which are consistent within analytical errors. Most zircon cores show well-defined oscillatory zoning in CL images (Figs 4a, 5a) and have high Th/U ratios, indicating that the dates may reflect the protolith age of the granite gneiss. Although no metamorphic age could be determined for sample 06H-14 from the northern outcrop, it was possible to discriminate between a protolith age of 522 ± 5 Ma and metamorphic growth/recrystallization of zircon at 510 ± 7 Ma in sample 06H-13 from the more southerly outcrop (Fig. 1) .
Two other granitoids have previously been dated from the Hutuo area (Wilde, Wu & Zhao, 2010) , both of which contain garnet, but with no record of sillimanite. One sample (FW04-202) is similar to the current sample 06H-13 in showing a mixture of core and rim ages. Here, the older population of igneous zircon records a weighted mean 206 Pb/ 238 U age of 518 ± 7 Ma, whereas the younger population of metamorphic zircon has a weighted mean 206 Pb/ 238 U age of 499 ± 10 Ma. Although these ages are slightly younger than the results for sample 06H-13 in this study, they overlap within errors. Unlike our sample 06H-14, which records only the igneous protolith age, sample FW04-207 reported by Wilde, Wu & Zhao (2010) is more extensively recrystallized and only records the metamorphic age of 499 ± 4 Ma. Importantly, similar ages have been reported from deformed granitoids in the Jiamusi Massif (Wilde, Wu & Zhang, 2003) . They were likewise interpreted, based on CL studies, as reflecting a high-grade metamorphic overprint of a slightly older igneous population. In summary, the granite gneiss protolith ages of 522-515 Ma are consistent with the ages of 523-515 Ma reported from the Mashan Complex in the Jiamusi Massif (Wilde, Wu & Zhang, 2003) .
6.c. Timing of granulite-facies metamorphism
Zircon grains in the sillimanite gneiss (06H-12) mostly have a core-rim structure in CL, and nine analyses of the rims have low Th/U ratios (0.01-0.05) with a Figure 6 . Relative probability plot of samples from (a) the Mashan complex in the Jiamusi Massif compared with zircon ages from (b) the Hutou complex, data from samples 06H-12, 06H-13 and 06H-14 in this study. Data in (a) from Wilde, Dorsett-Bain & Liu, 1997; Wilde, Dorsett-Bain & Lennon, 1999; Wilde, Zhang & Wu, 2000; Wilde, Wu & Zhang, 2003. weighted mean 206 Pb/ 238 U age of 490 ± 4 Ma, which records the time of metamorphism in this sample. The sillimanite-garnet granite gneiss samples (06H-13 and 06H-14) also contain zircons that show corerim structure, but unfortunately many of the rims (especially in 06H-14) were too narrow to analyse. The four most concordant rim ages from sample 06H-13 range between 515 ± 9 and 501 ± 9 Ma with a weighted mean of 510 ± 7 Ma, taken to record the time of metamorphism. For sample 06H-14, the rims are much less common and only one was analysed (06H-14-1.1); it recorded an age of 514 ± 15 Ma (Table  1 ; Fig. 5a ), indistinguishable from the oscillatory zoned cores. Taken together with the metamorphic age of 490 ± 4 Ma from paragneiss sample 06H-12, it indicates that the high-grade metamorphism occurred at c. 500 Ma.
The time of metamorphism in the Hutuo area from the data of Wilde, Wu & Zhao (2010) was 504 ± 8 Ma for a fine-grained paragneiss, but ranged from 491 ± 4 to 499 ± 10 Ma for their two garnet-bearing granitoids.
These ages are similar to our new data, within error. The timing of high-grade metamorphism at c. 500 Ma has been reported from widely distributed samples of both ortho-and paragneiss in the Mashan Complex of the Jiamusi Massif (Wilde, Dorsett-Bain & Liu, 1997; Wilde, Dorsett-Bain & Lennon, 1999; Wilde, Zhang & Wu, 2000) ; events were thus coeval in the Khanka and Jiamusi massifs.
6.d. Tectonic affinity of the Khanka Massif
The new SHRIMP data from the Hutou complex of the Khanka Massif essentially show three age populations ( Fig. 6b) : 480-500 Ma with a peak at c. 493 Ma, interpreted as recording the time of metamorphism; 510-525 Ma with the peak age of 515 Ma, indicating the protolith age of the granitoids; and 610-817 (934 obtained from a zircon 15 % discordant) Ma, considered to be the age of detrital magmatic zircon, attesting to the existence of a significant volume of Neoproterozoic rocks in the source area of the original sedimentary rocks. Rocks of the Mashan Complex in the adjacent Jiamusi Massif show very similar age populations (Fig. 6a) : 484-510 Ma with a peak age at c. 500 Ma, recording the time of highgrade metamorphism; 510-550 Ma with a peak at 530 Ma, recording the protolith ages of the deformed granitoid rocks; and 687-962 Ma, indicating the age of Neoproterozoic detrital zircons derived from the source area of the clastic metasedimentary rocks of the Mashan Complex. These results substantiate the view that the Khanka and Jiamusi massifs underwent an identical tectonic evolution and should therefore be regarded as forming part of a contiguous block from Late Neoproterozoic time (Wilde, Wu & Zhao, 2010) .
In terms of the overall tectonic setting, some models have suggested that the Khanka Massif belongs to the South China Craton and, together with the Heilongjiang Complex, forms an extension of the east-west-trending Dabie-Sulu UHP belt (Zhang, 1997 (Zhang, , 2004 Zhang, Cai & Zhu, 2006) . Oh (2006) suggested that the Khanka Massif was a continuation of Dabie-Sulu belt along the northern boundary of the North China Craton, but that the Bureya Massif was not part of either the North or South China Craton (Oh & Kusky, 2007) .
The basement rocks of the North and South China Cratons record very different thermo-magmatic histories before they finally came together in the Early Mesozoic (e.g. Zheng et al. 2003 Zheng et al. , 2005 Grimmer et al. 2003; Hacker, McClelland & Liou, 2006; Ratschbacher et al. 2006; Zhou et al. 2008a) and it is relatively easy to discriminate between them. In particular, Precambrian basement rocks of the North China Craton are dominated by Neoarchaean granitoids and orthogneisses (mostly tonalite-trondhjemitegranodiorite) and Palaeoproterozoic metasedimentary sequences (e.g. Zhao et al. 2000 Zhao et al. , 2002 Zhao et al. , 2005 Zhai, Guo & Liu, 2005; Wan et al. 2006; Zhou et al. 2008b) . Protolith ages for the orthogneisses and the granitoids are mostly in the range of 2.9-2.5 Ga (Zhao et al. 2000 (Zhao et al. , 2002 Zhai, Guo & Liu, 2005; Zhou et al. 2008b) and underwent 1.9-1.8 Ga regional amphibolite-to granulite-facies metamorphism (Zhao et al. 2000 Santosh, Sajeev & Li, 2006; Zhou et al. 2008b) . In contrast, the South China Craton is characterized by young basement of Meso-to Neoproterozoic age that was subjected to major thermal events during Neoproterozoic times (1.1-1.0 Ga and 850-700 Ma) (Li et al. 2002 Zheng et al. 2003 Zheng et al. , 2005 Zhou et al. 2008c) , Although granulite-facies rocks are present in the Jiaobei area (Jiangshan Group) of the Dabie-Sulu belt (Zhou et al. 2008b,d) , the metamorphic ages are 1.86-1.80 Ga (zircon U-Pb age, Zhou et al. 2008d) , quite different from the metamorphic age of c. 500 Ma for the Hutou complex. Precambrian basement in the South China Craton is further characterized by the widespread occurrence of 820-740 Ma bimodal igneous rocks formed in rift settings (Li et al. 2002 Zheng et al. 2003 Zheng et al. , 2005 Zhou et al. 2008c) . Granulite-facies rocks are also present in the Huangtuling area of the northern Dabie belt (Wu et al. 2002) , where the metamorphic age is 2052 ± 1 Ma (SHRIMP zircon U-Pb age, Wu et al. 2002) , quite different from the metamorphic age of c. 500 Ma for the Hutou complex. There is no evidence for a c. 500 Ma granulite-facies event in either the North or South China Craton and thus the Khanka Massif cannot be related to these cratons.
One fact that needs to be considered is the presence of mixed Permian faunas in the Yanji area of the Khanka Massif, characterized by an admixture of both palaeo-tropical Cathaysian taxa and cool-temperate elements (e.g. Shao, Tang & Zhan, 1995; Ren et al. 1999) . While this has been used as evidence indicating that the Khanka Massif has a South China Craton affinity (e.g. Shao, Tang & Zhan, 1995; Zhang, 1997 Zhang, , 2004 Zhang, Cai & Zhu, 2006; Ren et al. 1999 ), Shi (2006) , Shi & Zhan (1996) and Li (2006) have pointed out that such mixed Permian faunas are not only found in the Yanji area, but also in other parts of the Central Asian Orogenic Belt. In particular, since the Khanka Massif is located at the easternmost part of the CAOB at its boundary with the Palaeo-Pacific Ocean, palaeotropical Cathaysian taxa might have crossed the PalaeoPacific Ocean during Permian times (Shi, 2006) .
Other suggestions are that the Jiamusi/Khanka Massif was a crustal fragment derived from a periGondwana position that drifted northward and collided with the CAOB collage in the Late Permian (Wilde, Wu & Zhang, 2003) , that it was possibly related to the margin of the Siberia Craton (Wilde, Dorsett-Bain & Liu, 1997) , or that it was an exotic block of unknown affinity that collided with the CAOB in the Early Jurassic as a result of Pacific Plate subduction .
With respect to Siberia, Salnikova et al. (1998 Salnikova et al. ( , 2001 and Khain et al. (2003) recognize a highgrade Palaeozoic metamorphic terrain that extends for more than 1000 km along the southern margin of the Siberia Craton. Salnikova et al. (1998) reported single-grain zircon 206 Pb/ 238 U ages of 488 ± 1 Ma for pyroxene-bearing trondhjemite emplaced during granulite-facies metamorphism of the Sludyanskiy Complex in the southwestern Baikal region, at the southern margin of the Siberia Craton (Fig. 1a) . In addition, single metamorphic zircons from a twopyroxene trondhjemite define peak metamorphism in the Sludyanskiy Complex at 478 ± 2 Ma ( 206 Pb/ 238 U age), whereas a post-metamorphic pyroxene-bearing quartz syenite, with a zircon multi-grain 206 Pb/ 238 U age of 471 ± 2 Ma, indicates that the metamorphic episode was short-lived and only lasted for c. 20 Ma. However, there are currently few precise age data for the areas between the Jiamusi/Khanka Massif and the Siberia Craton, so at present it is impossible to know the significance of this potential link.
Conclusions
(1) The Khanka Massif is located adjacent to the Late Jurassic-Early Cretaceous circum-Pacific accretion complexes in NE China and Far East Russia, with the Chinese part only well exposed in the Hutou area. The rocks here constitute a khondalitic sequence of graphite-, sillimanite-and cordieritebearing gneisses, carbonates and felsic paragneisses, intruded by deformed granitoids, some of which are sillimanite-and garnet-bearing. SHRIMP zircon U-Pb dating indicates that these rocks underwent granulitefacies metamorphism at c. 500 Ma.
(2) SHRIMP zircon U-Pb dating of a sillimanite gneiss indicates several detrital zircon grains whose ages extend back to 934 Ma. These data indicate that the source region providing detritus for sedimentation in the Khanka Massif contained significant Neoproterozoic components.
(3) Two samples of sillimanite-garnet granite gneiss from the Hutou complex contain zircon cores that yield magmatic weighted mean 206 Pb/ 238 U ages of 522 ± 5 Ma and 515 ± 8 Ma, whereas their metamorphic rims record 206 Pb/ 238 U ages of 510-500 Ma. These data indicate that the Hutou complex records Early Palaeozoic magmatic and metamorphic events equated with the Late Pan-African global event.
(4) These data, when taken together with other recent data obtained from the Khanka Massif, establish that the nature and timing of Early Palaeozoic events are identical to those in the adjacent Jiamusi Massif. The two massifs should thus be considered as constituting a single crustal entity.
(5) The tectonic affinity of the Khanka/Jiamusi Massif remains unresolved. While it is possible to rule out a connection with the South China Craton and North China Craton, it is not possible to say if it formed an exotic block related to the dispersal of Gondwana and/or the onset of Pacific Plate subduction from the east, or whether it is related in some way to similar-aged rocks developed along the southern margin of the Siberia Craton; further work is required to resolve this issue.
